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Identification and quantification of microbial populations in activated 
sludge and anaerobic digestion processes 
Eight different phenotypes were studied in an activated sludge process (AeR) and 
anaerobic digester (AnD) in a full-scale WWTP by means of fluorescent in situ 
hybridization (FISH) and automated FISH quantification software. The 
phenotypes were: ammonia-oxidizing bacteria (AOB), nitrite-oxidizing bacteria 
(NOB), denitrifying bacteria, phosphate-accumulating organisms (PAO), 
glycogen-accumulating organisms (GAO), sulfate-reducing bacteria (SRB), 
methanotrophic bacteria and methanogenic archaea. Some findings were 
unexpected: (a) Presence of PAO, GAO and denitrifiers in the AeR possibly due 
to unexpected environmental conditions caused by oxygen deficiencies or its 
ability to survive aerobically; (b) Presence of SRB in the AeR due to high sulfate 
content of wastewater intake and possibly also due to digested sludge being 
recycled back into the primary clarifier; (c) Presence of methanogenic archaea in 
the AeR, which can be explained by the recirculation of digested sludge and its 
ability to survive periods of high oxygen levels; (d) Presence of denitrifying 
bacteria in the AnD which cannot be fully explained because the nitrate level in 
the AnD was not measured. However, other authors reported the existence of 
denitrifiers in environments where nitrate or oxygen was not present suggesting 
that denitrifiers can survive in nitrate-free anaerobic environments by carrying 
out low-level fermentation; (e) The results of this paper are relevant because 
focus on the identification of nearly all the significant bacterial and archaeal 
groups of microorganisms with a known phenotype involved in the biological 
wastewater treatment. 




The heart of a wastewater treatment plant (WWTP) is a dense microbial consortium in 
which organic and nutrient contaminants are removed, mainly by bacteria and archaea. 
There is, therefore, great interest in identifying the structure of this consortium and the 
functions of the groups of bacteria and archaea it is composed of. 
Many studies have investigated the diversity of microbial populations. Such 
studies now increasingly use molecular techniques that do not need the microorganisms 
to be isolated or cultivated, e.g. 16S rRNA analysis and fluorescence in situ 
hybridization (FISH). Other techniques such as microautoradiography-fluorescence in 
situ hybridization (MAR-FISH) have also been used to identify the bacterial community 
phylum level and phenotype in wastewater [1], along with other techniques such as 
polymerase chain reaction (PCR) combined with denaturing gradient gel electrophoresis 
(DGGE) [2], and pyrosequencing [3, 4]. In other words, some studies using molecular 
techniques have been conducted to identify the microorganisms involved in the removal 
of nutrients such as phosphorus [5, 6, 7] and nitrogen [8, 9, 10, 11, 12, 13], whilst other 
studies have focused on methanogenic archaea [14, 15] and other phenotypes involved 
in wastewater treatment such as sulfate-reducing bacteria (SRB) and methanotrophic 
bacteria. 
Most of the studies found in literature focus on one or two groups of organisms 
involved in the removal of nutrients, carbon, hydrogen or sulfur. The study of these 
bacterial or archaeal phenotypes is of great interest to engineers and microbiologists. 
However, no studies focus on the identification of all the important groups of 
microorganisms (i.e. those with a known phenotype) involved in wastewater treatment. 
Given the need to identify the different groups of microorganisms and 
understand their roles and interactions in the wastewater treatment processes, new 
studies are continuously being developed to investigate bacterial and archaeal 
phenotypes such as: 
 Ammonia oxidizing bacteria (AOB) and nitrate oxidizing bacteria (NOB): the 
chemolithoautotrophic bacteria responsible for nitrification. 
 Denitrifying bacteria, many of which are heterotrophic and need organic matter 
for their energy and carbon supply [16]. 
 Polyphosphate accumulating organisms (PAOs), which participate in the 
removal of phosphorus and its competing bacteria: glycogen accumulating 
organisms (GAOs). PAOs and GAOs are found in enhanced biological 
phosphorus removal (EBPR) plants. 
 Sulfate-reducing bacteria (SRB) which are involved in the sulfur cycle and are 
present in many activated sludge systems [17]. SRB are physiologically active 
for extended periods in sludge storage tanks [18] and can grow in the drainage 
channels of these tanks. They are then transported to the WWTP where they 
proliferate under anaerobic conditions [19]. 
 Organisms that participate in the hydrogen and carbon cycles, such as 
methanotrophic bacteria and methanogenic archaea. Methanogenic archaea are 
difficult to cultivate which is why our understanding of them is limited. They 
have, however, been successfully isolated in anaerobic digesters. These 
organisms, characterized by their slow growth rate, are assumed to be strictly 
anaerobic [20] but some studies [21, 22] concluded that methanogenic archaea 
can be detected in anoxic or aerobic microhabitats within floccules in activated 
sludge [23, 24]. The role played by methanogenic archaea in these processes has 
not been studied thoroughly [22]. 
Considering the above mentioned phenotypes and the importance of studying 
them all within the microbial population, the aim of this study is to identify and quantify 
the main bacteria and archaea (phenotypes) involved in wastewater treatment, both in an 
activated sludge process and in an anaerobic digester in a full-scale WWTP. 
 
Materials and Methods 
Samples 
Samples were taken from a WWTP treating 38500 m3d-1, located in Valencia, Spain. 
The main biological processes in the WWTP were a conventional fully aerobic 
activated sludge process and an anaerobic digestion process. Duplicate samples were 
taken from the activated sludge tank and from the anaerobic digester and then quickly 
transferred to the laboratory in an icebox and fixed for FISH. The temperature of the 
aerobic process was about 16 ºC and the temperature in the digester was slightly more 
than 30 ºC. The dissolved oxygen (DO) in the aerobic reactor was between 0.8-2 mg l-1. 
In the WWTP, the removal efficiencies of suspended solids, BOD and COD were 98%, 
97% and 94%, respectively. 
Fluorescence in situ Hybridization (FISH) 
Samples were fixed in 4% paraformaldehyde at 4 ºC (1-3 hours) for gram-negative 
organisms and in 50% ethanol at 4 ºC (4-16 hours) for gram-positive. The fixed biomass 
was washed three times with phosphate-buffered saline (PBS), and re-suspended in a 
1:1 (v/v) volume of PBS and absolute ethanol and then stored at -20 ºC. The fixed 
samples were immobilized on gelatin-coated glass slides, air-dried, and consecutively 
dehydrated in 50%, 80% and absolute ethanol. Hybridization buffer and probes were 
applied to the slide and incubated at 46 ºC for 1-3 hours [25]. Excess probes were 
washed off by heating at 48 ºC for 15 min in a washing buffer [25].  
Table 1 shows the 34 probes used in this study plus the 5 helper/competitor 
probes, including 24 organisms and 8 different phenotypes. All probes were labeled 
with TAMRA, except EUBmix (EUB338, EUB338 II and EUB338 III) and ARCH915, 
which were labeled with FAM, and the competitor/helper probes which were not 
labeled. Details of oligonucleotide probes are available at probeBase [26]. The probes 
listed in Table 1 were all applied to the samples taken from both the aerobic reactor and 
the anaerobic digester. 
Microscopic observation and quantification 
Microscopic observation was performed using a Leica DM2500 epifluorescence 
microscope fitted with a Leica 420C camera. The percentage of bacteria in a specific 
phenotype or group was calculated by multiplying the area occupied by the specific 
functional group by 100 and dividing it by the area occupied by the hybridized bacteria 
with EUBmix plus ARCH915 probes.  
A minimum of 20 images of randomly chosen microscopic fields were taken for 
each probe-hybridized sample. 
The signals detected by FISH were quantified using automated bacteria 
quantification software [47] based on thresholding techniques implemented using 
Matlab®. The software-generated report states the percentage areas occupied by 
hybridized bacteria and the measurement uncertainty, i.e. the standard deviation divided 
by the square root of the number of fields examined. 
Results 
Microbial diversity in the WWTP 
FISH technique was applied in order to identify some bacterial and archaeal 
groups involved in the production or removal of nitrogen, phosphorus, methane 
and sulfate in the aerobic reactor and in the anaerobic digester. The signal 
obtained from all the oligonucleotide probes used in this study was strong and 
indicated high cellular rRNA contents.  
 
Table 2 shows the detailed diversity of microbes found in both the activated 
sludge reactor and the anaerobic digester. Figure 1 shows the diversity and 
quantity of microbes in both systems including unidentified microorganisms. 
 
Activated Sludge Process 
The SRB was the most abundant phenotype found in the activated sludge process, 
comprising 27% of all detectable bacteria. This group was composed of 
Desulfobacteraceae (15%) and Desulfovibrionales (12%) hybridized with probes 
SRB385Db and SRB385 respectively. The second most abundant group was the 
denitrifying bacteria (19% of all detectable bacteria), in which only the genera 
Azoarcus-Thauera identified using probe AT1458 and Paracoccus identified using 
probe PAR651 were detected. Methanogenic archaea was the third most abundant 
division in the activated sludge process (11% of all detectable bacteria). The probes 
which gave positive signal within this group were MG1200b (Methanomicrobiales) and 
MB311 (Methanobacterales). The next group was the nitrifying bacteria group 
comprising 9% of all detectable bacteria. Within this group, the phenotype AOB (probe 
NSO1225LNA) was the most abundant nitrifying bacteria (7% of all detectable 
bacteria) while the sublineage Nitrospira, detected with probe Ntspa712 (2% of all 
detectable bacteria) was the only NOB detected in the aerobic reactor. Other 
microorganisms were present in the aerobic reactor with low abundances as: GAO 
related to the Defluvicoccus cluster 2 (4%), detected with probes DF988 and DF1020; 
PAO group comprising 2% of all detectable bacteria (covering the sum of probes 
PAO462, PAO651, PAO846); and Methylocystaceae type 2 methanotrophic bacteria 
detected with the probe Ma464 (1%). 
Anaerobic digestion process 
The diversity of microbes in the anaerobic digester was somewhat smaller than in the 
aerobic reactor. The only phenotypes found in the anaerobic digester were denitrifying 
bacteria, SRB and methane-forming archaea. In this case the main group was 
methanogenic archaea (30% of all detectable bacteria) related with Methanomicrobiales 
(probe MG1200b), Methanobacterales (probe MB311) and Methanosarcinales (probe 
MSMX860), followed by SRB (20% of all detectable bacteria) and denitrifying bacteria 
(10% of all detectable bacteria) related with the genera Azoarcus-Thauera (probe 
AT1458), Paracoccus (probe PAR651) and Thiobacillus (probe TBD1419).  
 
It should be highlighted that the probes (see Table 2) used to identify the 
functional groups, allowed to identify 8 phenotypes in the aerobic reactor and 3 
phenotypes in the anaerobic digester (Figure 1). Some target organisms (e.g. NOB 
phenotype Nitrobacter) were not detected in either the aerobic reactor or the anaerobic 
digester. See Table 2 for details. 
The percentage of unidentified microorganisms in both processes is particularly 
striking: 27% in the reactor and 40% in the digester. They are assumed to be other 
heterotrophic bacteria together with many acidogenic / acetogenic organisms, sulfur-
oxidizing bacteria and non-detected archaea. 
 
Discussion 
It must be emphasized that many microorganisms were not identified (27% in the 
aerobic reactor and 40% in the anaerobic digester). These unidentified microorganisms 
may include other functional groups involved in the wastewater treatment process, such 
as acidogenic-acetogenic bacteria. However, this study is restricted to the functional 
groups that can be detected by FISH probes (AOB, NOB, denitrifying bacteria, PAO, 
GAO, methane-oxidizing bacteria, SRB and methane-forming archaea). Unfortunately 
not all the phenotypes in the aerobic and anaerobic processes can be identified by FISH 
probes. It is therefore important to develop new FISH probes in order to reduce the 
percentage of unidentified organisms in these processes. 
The WWTP studied was not designed to remove biological nutrients, and yet 
denitrifying bacteria (19%), PAO (2%) and GAO (4%) were detected in the activated 
sludge process (Figure 1). The unexpected presence of these phenotypes could be due to 
unforeseen environmental conditions caused by hydraulic malfunctions or poor design 
of the aerobic reactor, which could facilitated the existence of anaerobic or anoxic 
conditions. However, many denitrifying bacteria can also perform aerobic COD 
oxidation, evidencing that they are not exclusive denitrifiers. Azoarcus, Thauera and 
Paracoccus, for example, are commonly detected in aerobic PHA producing mixed 
microbial cultures [48]. In the same way, PAOs and GAOs have been previously 
observed in plants not designed for EBPR [49], suggesting that it is possible that PAO 
and GAO metabolism is flexible and they could survive aerobically.  
Three of the microbial groups studied, i.e. denitrifying bacteria, SRB and 
methanogenic archaea, were detected in both processes (Figure 1). SRB and 
methanogenic archaea were not expected to be found in the aerobic reactor while 
denitrifying bacteria were not expected to be found in the anaerobic digester. Possible 
reasons for the presence of these organisms are discussed below. 
Denitrifying bacteria can grow under different substrates with low molecular 
weight in the presence of NO2- or NO3-. Some bacteria in this group use compounds 
such as S2-, S0, S2O32-, S4O62- and SO32- instead of organic compounds to carry out 
nitrate reduction and are known as autotrophic denitrifying bacteria [50, 51]. However, 
the bacterial community involved in the biological autotrophic denitrification process of 
raw sewage is not fully understood due to a lack of knowledge about the responsible 
bacteria and the factors governing the process [51]. 
The denitrifying bacteria (19% of the total biomass in the aerobic reactor and 
10% in the digester) found in this study (Azoarcus-Thaurea, Paracoccus and 
Thiobacillus denitrificans) differ. For example, Azoarcus and Thauera feature a wide 
range of short-chain fatty acids and amino acids [52], which makes it easy to find these 
organisms in a variety of systems. The level of Azoarcus–Thauera (probe AT1458) 
found in the aerobic reactor in this study was 15%. This result is in line with other 
results found in the reactors of full-scale plants, where Azoarcus accounts for 3-16% of 
total biomass [53] while Thaurea accounts for 2-11% of the total biomass [53] in full-
scale plants. In our study the Azoarcus–Thauera cluster accounted for 3% of the total 
biomass in the anaerobic digester.  
Paracoccus can grow under different concentrations of DO, using N-oxides as 
electron acceptors and a variety of carbon sources including amines and alcohols [54]. 
Most Paracoccus species can use nitrate and its reduction products as an alternative 
electron acceptor to oxygen during anoxic respiratory growth [54]. Paracoccus 
denitrificans can grow in aerobic, low oxygen or anaerobic conditions and can also use 
sulfur compounds (such as thiosulfate) as electron donors in denitrification [51]. Its 
ability to use different electron donors makes it possible to find these bacteria in aerobic 
and anoxic conditions with nitrate, nitrite or nitrous oxide as the terminal electrons 
acceptor [54]. Paracoccus denitrificans can survive in ecosystems with fluctuating 
aerobic or anoxic conditions. Paracoccus levels in this study were 4% and 3% in the 
aerobic reactor and anaerobic digester respectively. 
Thiobacillus denitrificans is mainly characterized by its ability to grow as a 
facultative anaerobic and chemolithoautotroph microorganism [56]. This organism can 
carry out denitrification and sulfur oxidation. In denitrification, Thiobacillus may use 
sulfur compounds and nitrate, nitrite or nitrous oxide as terminal respiratory oxidants, 
but the sulfur oxidizing enzymes involved in aerobic or anaerobic conditions are still 
unknown. Moreover, the optimal temperature for the growth of Thiobacillus is 28 to 32 
°C with a pH of 6 to 7.4 [56, 57], i.e. the temperature range found in the anaerobic 
digester studied. 
Azoarcus, Thauera, Paracoccus and Thiobacillus can grow in aerobic and 
anoxic conditions. As mentioned earlier, Azoarcus, Thauera, Paracoccus and 
Thiobacillus can use different substrates, but they all need nitrates or nitrites as electron 
acceptors. In the case of Azoarcus, Thauera and Paracoccus they can also use oxygen 
as electron acceptor [48]. Nitrates were detected in the aerobic reactor (data not 
showed) which explains the presence of Azoarcus-Thauera and Paracoccus in it. 
However Thiobacillus was not detected in the aerobic reactor. This is because its 
optimal temperature is higher than the aerobic reactor temperature (about 16 ºC). As 
nitrates were not measured in the anaerobic digester (none were expected to be found 
there) the presence of denitrifying bacteria in it is not fully understood, but other authors 
reported the existence of denitrifiers in environments where nitrate or oxygen was not 
present for long periods of time which suggests that denitrifiers can survive in nitrate-
free anaerobic environments by carrying out low-level fermentation [58, 59]. A detailed 
study of the metabolism of this microorganism is required in order to explain the results 
obtained.  
The second largest group of bacteria detected in both processes was SRB. 
Although SRB has traditionally been considered to be strictly anaerobic, in recent years 
sulfate-reducing activity in aerobic environments has been reported, revealing a wide 
ecological range of SRB [60]. In our study, high levels of SRB (Desulfobacteriaceae 
and Desulfovibrionales) were found in both systems (27% in the aerobic reactor and 
20% in the anaerobic digester). 
In the WWTP under study, sludge from the anaerobic digester is recycled back 
into the primary clarifier because of sludge disposal problems. This could be one of the 
reasons why sulfate-reducing bacteria were detected in the aerobic reactor. Moreover, 
the wastewater intake was rich in sulfates due to soil characteristics. This provides 
sulfates for SRB growth. On the other hand, there are two possible sulfate reactions: the 
biological transformation of sulfate into sulfide, and the chemical oxidation of sulfides 
to form sulfates by means of constant aeration. This chemical reaction provides an 
almost unlimited source of sulfates. 
Desulfobacteriaceae, the largest group of SRB in the aerobic reactor (15%),  use 
SO4, O2, and NO3 as terminal electron acceptors [61] to oxidize H2 and organic 
compounds, including acetate. The ability of this SRB group to use acetate in oxic and 
anoxic conditions may explain its high levels in the aerobic reactor. 
Similar observations about the presence of Desulfovibrionales (12% in the 
aerobic reactor) in oxic environments have been made in the literature [62, 63, 64]. Two 
studies [65, 66] found that the Desulfovibrio species was the main SRB in an aerobic 
wastewater biofilm, which emphasizes their ability to survive in the presence of oxygen 
[67]. 
Methanogenic archaea is the third group of organisms present in both processes 
(11% in the aerobic reactor and 30% in the anaerobic digester). These organisms are 
true anaerobes and therefore not expected to be found in the aerobic reactor. However, 
large numbers of methanogenic organisms have been found in various activated sludge 
treatment plants [68, 69]. Specifically, the same methanogenic orders 
(methanomicrobiales and methanobacterales) found in the present work have been 
found in low dissolved oxygen level (0.5 – 0.8 mg/l) activated sludge processes by other 
authors [22].  
However, the methanogenic archaea found in the samples was probably due, as 
mentioned above, to sludge from the anaerobic digester being pumped back into the 
primary clarifier. It has been reported that methanogens in aerated sludges may simply 
be able to survive high oxygen levels but are inactive until reducing conditions are 
established [22]. A decrease of approximately 60% in methanogenic archaea levels was 
observed between the anaerobic digester and the aerobic reactor. This could mean that 
the methanogenic archaea were disappearing, but that the cell retention time in the 
aerobic reactor was not low enough to enable them to disappear completely.  
 
Conclusions 
As a general conclusion, in a WWTP it is possible to find non-expected 
microorganisms in a specific process (e.g. SRB and methanogenic archaea in the 
activated sludge process or denitrifying bacteria in the anaerobic digester) due to the 
interconnection of the processes and to the metabolic flexibility of the microorganisms. 
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Table 1. Probes used in this study 
Probe  Sequence Organism %FA Ref.
EUB338 GCTGCCTCCCGTAGGAGT Most bacteria 0-50 [25]
EUB338 II GCAGCCACCCGTAGGTGT Planctomycetales 0-50 [27]
EUB338 III GCTGCCACCCGTAGGTGT Verrucomicrobiales 0-50 [27]
NSO1225LNA CGCCATTGTATTACGTGTGA Betaproteobacterial ammonia-oxidizing bacteria 45 [28]
Ntspa712 CGCCTTCGCCACCGGCCTTCC Most members of Phylum Nitrospirae 50 [29]
cNtspa712 CGCCTTCGCCACCGGTGTTCC Competitor of probe Ntspa712 50 [29]
NIT3 CCTGTGCTCCATGCTCCG Nitrobacter spp. 40 [30]
cNIT3 CCTGTGCTCCAGGCTCCG Competitor of probe NIT3 40 [30]
PAO462 CCGTCATCTACWCAGGGTATTAAC Candidatus Accumulibacter phospatis 35 [31]
PAO651 CCCTCTGCCAAACTCCAG 
Most members of Candidatus Accumulibacter 
cluster 
35 [31]
PAO846  CTTAGCTACGGCACTAAAAGG Candidatus Accumulibacter phospatis 35 [31]
GAOQ431 TCCCCGCCTAAAGGGCTT Candidatus Competibacter phospatis 35 [32]
GAOQ989 TTCCCCGGATGTCAAGGC Candidatus Competibacter phospatis 35 [32]
GB CGATCCTCTAGCCCACT Novel gammaproteobacteria group 35-70 [33]
TFO_DF218 GAAGCCTTTGCCCCTCAG Alphaproteobacteria Defluviicoccus (cluster 1) 25-35 [34]
TFO_DF618 GCCTCACTTGTCTAACCG Alphaproteobacteria Defluviicoccus (cluster 1) 25-35 [34]
DF988 GATACGACGCCCATGTCAAGGG Alphaproteobacteria Defluviicoccus (cluster 1) 35 [35]
DF1020 CCGGCCGAACCGACTCCC Alphaproteobacteria Defluviicoccus (cluster 1) 35 [35]




Helper probe for DF988 35 [35]
Ma464 TTATCCAGGTACCGTCATTA 
Type II methanotrophs (α-proteobacteria 
methylocystaceae) 
20 [36]
Mg84 CCACTCGTCAGCGCCCGA  




Azoarcus-Thauera cluster within 
Betaproteobacteria 
50 [37]
PAR651 ACCTCTCTCGAACTCCAG Genus Paracoccus 40 [38]
TBD1419 ACTTCTGCCAGATTCCAC Thiobacillus denitrificans 50 [39]
DSV687 TACGGATTTCACTCCT 
Most Desulfovibrionales (excluding Lawsonia) 
and many Desulfuromonales 
15 [40]
Dsb804 CAACGTTTACTGCGTGGA Some desulfobacteraceae 10 [40]
DNMA657 TTCCGCTTCCCTCTCCCATA Some desulfonema 30 [41]
DBB660 GAATTCCACTTTCCCCTCTG Some desulfobulbus 60 [40]
Dtm230 TAATGGGACGCGGACCCA 
Many desulfotomaculum cluster 1 and other 
firmicutes 
10 [42]
SRB385 CGGCGTCGCTGCGTCAGG Most desulfovibrionales and other bacteria 35 [25]
SRB385Db CGGCGTTGCTGCGTCAGG 
Desulfobacterales, Desulfuromonales, 
Syntrophobacterales, Myxococcales, and other 
bacteria 
30 [43]
ARCH915 GTGCTCCCCCGCCAATTCCT Archaea 35 [44]
MSMX860 GGCTCGCTTCACGGCTTCCCT 
Methanosarcinales (all Methanosarcina and 
Methanosaeta) 
45 [45]
MG1200b CRGATAATTCGGGGCATGCTG Most methanomicrobiales 20 [45]
MB311 ACCTTGTCTCAGGTTCCATCTCC Methanobacterales 30 [45]
MC504 GGCTGCTGGCACCGGACTTGCCCA Methanocaldococcaceae 55 [45]
cMC504 GGCTGCTGGCACCGAACTTGCCCA Competitor of probe MC504 55 [45]
MC1109 GCAACATAGGGCACGGGTCT Methanococcaceae 45 [46]
 
  








NSO1225LNA Ammonio-oxidizing AOB 7% (±1) ND* 
Ntspa712 Nitrospirae phylum NOB 2% (±1) ND 
















Defluvicoccus cluster 1 GAO ND ND 
DEF mix2 (DF988, 
DF1020) 
Defluvicoccus cluster 2 GAO 4% (±2) ND 
Ma464 Methylocystaceae type 2 
Methanotrophic 
bacteria 
1% (±1) ND 




AT1458 Azoarcus-Thauera cluster 
Denitrifying 
bacteria 




4% (±1) 3% (±2) 
TBD1419 Thiobacillus denitrificans 
Denitrifying 
bacteria 





SRB ND ND 
Dsb804 some Desulfobacteraceae SRB ND ND 
DNMA657 some Desulfonema SRB 8% (±1) 4% (±1) 
DBB660 some Desulfobulbus SRB ND ND 
Dtm230 many Desulfotomaculum SRB ND ND 
SRB385 
most Desulfovibrionales and 
other bacteria 
SRB 12% (±1) 14% (±2) 




ND 14% (±2) 














*ND:  Not detected 
AOB: Ammonia-oxidizing bacteria 
NOB: Nitrite-oxidizing bacteria 
PAO: Polyphosphate accumulating organisms 
GAO: Glycogen accumulating organisms 
SRB: Sulfate reducing bacteria 
 
  
Figure 1. Diversity of microbes found in aerobic reactor (a) and anaerobic digester (b). 


